Free-Body Diagrams
1) Acar with a weight, Fy, of 10 000 N [down] is coasting on a level road. The car experiences a normal
force, Fy, of 10 000 N [up], a force of air resistance, Fyy, of 2500 N [backward], and a force of friction, F3,
exerted by the road on the tires of 500 M [backward]. Draw a free-body diagram for this situation.
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2) The driverin Example 3.1 seesa pedestrian and steps on the brakes. The force of air resistance is 2500
M [backward]. With the brakes engaged, the force of fricion exerted on the car is 5000 N [backward].
Draw a free-body diagram for this situation.
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3) A car moving at constant velocity starts to speed up. The weight of the car is 12 000 N [down]. The
force of air resistance is 3600 N [backward]. With the engine engaged, the force of friction exerted by

the road on the tires is 7200 N [forward]. Draw a free-bodydiagram for this situation.
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Net force:

1) Two people, A and B, are dragging a canoe out of a lake onto a beach using light ropes. Each person
appliesa force of 60.0 N [forward] on the rope. The force of friction exerted backward <—= forward
by the beach on the canoe is 85.0 N [backward]. Starting with a free-body

diagram, calculate the net force on the canoe. [35.0 N [farward]] ‘%
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2) Two dogs, A and B, are pullinga sled across a horizontal, snowy surface. Dog A exerts a force of 200 N
[forward] and dog B a force of 150 N [forward]. The force of friction exerted by the snow on the sled is
60 M [backward]. The driver attempts to slow down the sled by pulling on it with a force of 100 N

[bas&ward] Starting with a free-body diagram, calculate the net force on the sled. [190 N [forward]]
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3) Inatractor pull, four tractors are connected by strong chains to a heavy load. The load is initially at rest.
Tractors A and B pull with forces of 5000 M [E] and 4000 N [E] respectively. Tractors C and D pull with
forces of 4500 M [W] and 3500 M [W] respectively. The magnitude of the force of friction exerted by the

! ground on the load is 1000 N
E (a) Starting with a free-bodydiagram, calculate the net force on the load. [0 N]
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A. (b) If the load isinitially at rest, will it start moving? Explain. [No]
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\/ 4) The total weight of a biker and her motorbike is 1800 M [down]. With the engine engaged, the force of
I > X friction exerted by the road on the tires is 500 N [forward]. The air resistance acting on the biker and
bike is 200 M [backward]. The normal force exertedby the road on the biker and bike is 1800 N [up].

,-r"_:'l' ooy (a) Corgiﬁe_r the biker and bike as a single object. Draw a free-body diagram for this object.
2=V — SO0l
A l c
!soolﬁ

(b) Calculate the net force. [300 N [forward]]
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5] Referto questionone. Person A thinks that if A and B each pull a rope forming
an angle of 20.0° with the bow, the net force on the canoe will be greater than

2
in question one. The canoe is beingdragged along the beach using ropes that d{:::m;r:::
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are parallel to the surface of the beach. Starting with a free-body diagram,
calculate the net force on the canoe. Is persan A's thinking correct? [27.8 N
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6) Referto questionfive. Suppose person A pullsa rope forming an angle of 40.0° with the bow and
person B pulls a rope forming an angle of 20.0° withthe bow. Each person appliesa force of 60.0 N on
the rope. The canoe and ropes are parallel to the surface of the beach. If the canoe is being dragged
across a horizontal, frictionless surface, calculate the net force on the cance. [104 N [0°]]

7) Two people, A and B, are dragging a sled on a horizontal, icy surface with two light ropes. Person A
appliesa force of 65.0 N [30.0°] on one rope. Person B applies a force of 70.0 M [300°] on the other

rope. The force of friction on the sledis negligible and the ropes are parallel to the icy surface.

Y Calculate the net force on the sled. [95.5 N [3437°]]
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8) A store sign that experiencesa downward gravitational force of 245 N is suspended as shown in Figure
3.18. Calculate the forces F 1 and F 1; exerted at the point at which the sign is suspended. [299 N
[1257], 172 N [07]]
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9) If the sign question eight had half the weight, how would the forces Fr;and Frzcompare? [directions of
and Frzwould remain the sameas before, but the respective magnitudeswould be half]



10) Suppose the sign in questioneight is suspended as shown in the picture below. Calculate the forces Fry
and Frz. [381 N [140%], 252 N [0°]]

11) Referto guestionseight and ten above.
3. AsB,decreases, what happens to Fr; and Fro? [F= and = incrassa invalus]

b. Explain why 8; can never equal zero. [magnitude of Frymust 2lways squal f



12) Asign that experiencesa downward gravitational force of 245 N is suspended, as shown below.
Calculate the forces Fryand Frz. [1.50 x 10° N [125°], 1.50 x 10° N [55°]]
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